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WAVEPOWER LIMITED 
COCKERELL LP RAFTS IN STEEL 
Conune nts Made by Rendell , Palmer & Tri tton 
I 
on 24th October , 1979 
1: What is the validity of using foreign man hour pro-
.ductivity related to heavy capital investment , for predic-
ting UK costs~ Two UK industries which already have 
intensive mass production - the car indu stry and BS C 
continue to have man hour productivity a long way below 
.comparable firms overseas . BSC have not found greenfield 
sites . to be any answer to the problem . I am not seeking 
to criticise the idea , but to ask you to,give some solid 
groµnd s why the i dea should be accepted . 
2: The man hours pe~ ton appear to be very low comp2red 
with th e simplest mass production steel now avai l able any-
where in the world . Could APA please consider the s elling 
price of steel piles, which are the simplest form of fabri-
cated stee l one can imagine and which are made on highly 
automat~d produc t ion lines in very l arg e tonnages. The man 
hours to complete f ully assembled stiffened pl ate barge 
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3: Has prope r allowa nce been ma de for the disruptive 
effects of NDT of plates and welds - that is the distrup-
tive effects on line ~reduction of the rogue element . 
4: Are APA iatisfied that when the raft is fully 
analysed and de tailed 1 the number of " specials" - elements 
reinforced for local forces, cut outs, etc. 1 will not 
severely upset the predicted man hours. (I think it will 
b e very helpful to have some sample detail drawings showing 
r einforcement , man joints, cut outs, etc ., anp also calcu-
lat ions relating to some of these areas). 
5: I would like to see figur~s for the Swedish yards 
.iuot ed on the b a sis of man hours per square metre of 
stiffened "skin", and compa red with the figures for the 
rafts. I have a fe e ling that costs are .at least as much 
·related to this parameter as to simple tonnage . 
6: Wh at is the quantitative reasoning by which it is 
concluded that these r afts are inherently simple r than a 
large oil tanker . 
• 
7 : Comment - it seems to me that mass production is a 
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In concluding, may I say that I am very sympathetic 
to the idea of mass produced fabricated steel , and we are 
·following all the lines we can have to f i nd out : 
a ) What should be the bench mark for best 
achievable man hours now in 1 979 , based 
on proved performance anywhere in the 
world . 
b ) What further evidence exists to substan-
tiate the extrapolation of existing tech -
nology by which APA are making . 
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REPLY 'I'O C01'U•1ENTS 
Genera l 
The points raisect refer to a discussion of the 
project held on the 9th October at APA , Killingworth, at 
which two RPT representatives were present, rather than 
·the ieport written by APA and sent to Wavepower Limited 
.on the 2nd October . The report deals with problems of: 
a) Raft Design: 
For Operation 
For Production 
Durability of Structural Material 
Production Characteristics 
b) Facility Design: 
c) . 
Output and Throughput 
Philosophy of Facility 
Welding and Manipulation 
Equipmen~ List 
Person Power Require~ents 
Financia l and Energy Proj e ctions: 
Capital Cost 
Operating Cost 
~ Raft Unit Cost 



























The me eting on the 9th Octobe r presented all of 
these problem areas for discussion and it is a little sur-
prising that after 14 days conside ration the RPT written 
comments h ave such an undue empha sis on the bottom line 
calculation of forecast productivity at the end of the 
section on Pe rson Power Requirements alone . Possibly this 
means th a t all of the ·other problem areas and solutions 
are agreed with , so let us consider only this question of 
productivity and how far it may be relevant to the project . 
P.r:oductivity 
Foreign manhour productivity related to h eavy capi~ 
.tal investment was not used to predict the UK costs given 
in the report and nowhere is the question of fore;1-gn or 
any other industrial productivity even raised in the text. 
The nature of advanced rather than imitative pro-
jects calls for~ predictive assessment of what and who 
is required to do the job b ~sed upon analysis , which 
results at the bottom line in the ratio of output to input 
known as productivity. The input has to·be in various 
forms including materials , equipment , facilities, person 
power and money for -the ratio to have meaning and us efu l-
ness. The integration of these component forms into a 
sirigle index has taxed the minds · of researchers but not 
























The tende ncy for imitative projects is to single 
out person power as an easy component form of input and 
to use a measure of it (person hours) against output 
(steel tonnes) . The errors are to then ass ume ·that this 
also app li es to overall productivity and to use it in 
working back to determine output/throughput rates and 
manning leve ls. 
Another danger of the imitative approach is accep-
tance of the present l eve l of productivity , whateve r that 
may be , as the starting point perhaps fo r improvement . . 
This is don e without ever knowin~ what the productivity 
l evel ought to be or the size of the gap to be close d. 
Maybe in an established industrial situa tion one could 
•sympathi se with , though not condone , such an approach but 
in· an entirely new industria l situation ( for example , a 
wave raft factory) there can be no exc~se for anything 
o ther than the analytical approach . No form of inhibition, 
pseudp-social or political, should be permitted to 
influence the calculations of what is h uman ly acceptable , 
technically possible and presenting the best economic 
opportunity . 
From the foregoing it will be appr~c iated that APA 
try as far as possible to avoid approaches based on compar -
ability in all of their stuqies but especially in one of 
the wave energy type. For this project the most signifi -
c ant aspect is the huge requirement of annual output , far 
in excess of other marine industries . The cycle times in 


























would have to be extensively mechanised and automated to 
cope. Therefore person power is not a realistic indicator 
of productivity anyway. The calculations on cycle time 
and manning level for the wave factory were made unrelated · 
to locat ion and ought to apply anywhere ; there is. really 
no difference in the capability of th e worker in Britain , 
Sweden, Japan or anywhere else . This is not to say that 
there is n o difference in the inhibiting factors that 
result in di fferent levels of pioductivity . What is tech-
nically possible in one country is technically possible in 
anothe r and no effort should be spared to make it so. 
_Surely it is not too optimistic to expect that British 
industry can get it together soon and certainly by the time 
a ~ave raft factory comes into operation, in spite of 
present experiences by the car and steel industries. 
Comparability 
Du.ring the discussion on the 9th October , APA was 
asked to compare the resulting person power productivity 
predicted in the report vrith performances achieved already . 
-Accordingly a statement was produced and sent to Wavepowe r 
Limite d on the 12th October. A copy is enclosed with this 
document for completeness. Reading the statement makes it 
1 clear that it was never postulated that wave rafts are 
inhe~ently simpler than a large oil tanker. However, if 
on e· must engage in co~parability studies then it is in the 
activities of the tanker fa ctories of Sweden and J apan that 






















One has to r emember th a t there can be very f ew 
reasons why engineers . and managers of the foreign tanker 
f a ctories should divulge to prospective competitors 
detailed information on their ovm perfor mances . One 
reason might be close personal fr i endship and respect and 
A.PA is fortun ate in en joying a measure of the se from major 
facilities in Sca ndin av ia and the Fa r East. Even the n the 
information is overall rather than detailed and in terpre -
tatipn ls for us to do , not them , a nd therefore may not be 
. complete ly accurate . The suggestion that a better para-
· meter mi ght be man hours per square met re of stiffene d skin 
·may be true but we do not hav e the in fo rma tion to ch e ck it 
completely . 
In f a ct, A.PA adopt in analysis work the parame ter 
person hou rs per metre of joint length according to type 
of structure and we find this works quit~ well . The r ates 
of -accomp lishing joint leng th are obtained from overall 
returns from actual processes so that these take account 
of the disruptive .ef fe cts of the rogue element. 
It is difficult to see any possibility of compara -
bi~ity between wave rafts and steel piles . Consideration 
of the selling price of piles would '. not tell us anything 
about the cost of producing them and the man hours expended 
in. the process . However, in such a high volume , auto.mated 
and mechanised process it is probable that the person power 
productivity will b e a lot less than l person hour per 






























All design act ivity is a process of. successive 
assumptions and c alculations on relevan t factors, s p ira lling 
through each more than.once at increas ing l evel of detail 
and hopefully converg ing on the best solution. In the s teel 
wave raft project there are two separate designs which are , 
howev ei , inter-dependent . These are the design of the raft 
and the design of the production facility . It is n ecessary 
to go round the first loop in each des i gn at the s ame l eve l 
to see whether the pro j ect as a whole is likely to spiral 
to convergence or dive rgence . The criterion is usu a lly the 
economic one so that design of both types at the first loop 
fhould be t aken only to the point where an order of cost 
can be as·se ssed. 
This is th e status o f the steel raft study as des-
cribed in the r epor t dated 2nd October , 1979, i.e. at the 
end of the f irst loop of the spiral. Most de sign spirals 
for estab lished products pass through three loops and one 
for a new _product, such as a wave raft, may be expected to 
require at least four loops. There is a long way to go 
yet _and" one could not pretend to have prepared third and 
fourth loop det a ils of d es ign at the first level of study. 
Ttis applies to both raft de sign and production facility 
de?ign. 
There may b e differing views on the degree of opti-
mism or pessimism to apply to the assumptions in the first 



















technology and time will allow , but the vi ew of APA is 
that at the first l oop for a n ove l project one should be 
erring on the side of optimism in each assumption giving 
benefit to the novelty. Then as the first loop conclude s 
one c an l earn whether the s e con d loop is worth embarking 
upon. If th e n6ve l projec t does not appear viable then it 
may b e confidently dropped as if it could not work under 
very favourable circumstances th en it woul d be unlike ly to 
do so under more realistic and c e rtainly more pessimi stic 
circumstances . If the novel proj ect does appear to be 
viable th e n further effort is justified to increasing level 
of detaiL 
The study by APA has erred on the side of o ptim ism 
. without losing touch with the reality known to the exper-
ienc~ of the naval architects and shipbuilding engineers 
employed on th e project. Calculations have been made per -
· tatnin g to the designs of both the raft and the production 
facility and at this first level of study APA is satisfied 
that both are of the right order. 
Assessmen t of Costs 
There is no doubt that every technical project is 
judged mainly on its prospective economics and discussion 
usually starts and revolves on this topic. The study on 
the steel raft seems to indicate encouraging economics 
which on the one hand could jus tify further work but on 
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Validity is ques tioned mostly because the cons equent i a l 
"p roduc tivity " i s very much l ess than is generally pub li-
cised. It i s therefore appropriate t o i nvestigate the 
economic resul ts for i ts sensitivity to ch anges in '' produc-· 
tivity" - in particular person power productivity . resulting 
from the numbers t o be empl oyed . Table Al sho~s the effect 
on net cos t per tonne of steelwork per r aft. 
It will be apprec i ated tha t if th e .whole steelwork 
·. ·o f a l arge oil t an ker c ould be constructed for less than 
12 man hours per tonne using the t e chnology of 4/5 years 
ago then it c an be antic i pate d that for t echnol ogy of , say , 
5 years t i me a ful ly des i gned wa ve raft in large numbers 
should be con structed for conside rably less . Therefore, 
the net cost per tonne is very unlikely to be gre a ten th a n 
·£350 (conunercial basis) and quite poss ibly le ss than £250 
(national basis). 
.· Mass Production 
The · techniques can be applied wh e neve r there is -to 
be quantity produc tion of identical articles. The benefits 
can be obtained however only when the article is designed 
for simp licity of production. Some wave power devi c e s may 
not l e nd themselves to this treatment to the same extent as 































SE SITIVITY OF PRODUCTION COST 
TO CHANGES IN UMBERS ErlP LOYED 
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Estimated Cost per Tonne 
of Steelwork - Net Af ter 
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WAVEPOl;vER LIMITED 
STEELWORKING PRODUCTIVITY ACHIEVEMENTS 
Durin g the early 1970s the boom in shipbuilding for 
the const ruct ion of v e r'y large tankers up to 500,000 tons 
dwt r esulted in the introduction of n e w, ·highly me chanise d 
stee l working assemb l y plants. For v ery l a rge tankers above 
250,·000 t ons dwt some t wo-thirds of the hull structure may 
· -b~ _made u p from fl a t panel blocks . It is this port ion of 
the hull which has b ee n the centre of deve l opment for high 
productivity s hipbu ilding. 
Figure l shows a typical cross-section in way of a 
· tank er . The hull struc t ure is norma lly broken dowi:-i into 
a numbe r of natural panel blocks, such as the side ·struc-
ture , longitudinal bul k h ead, centre t ank deck, etc. 
Fi~ure. 2 shows how the se panel blocks may be brought to-
gether eithe r on the slipway or in th~ building dock to 
make up the hull tank structure. 
Figure 3 shows a typical cross-section for a 
400,000 ton dwt tanker. This ship has a beam of some 64 
metres and a depth of 29 metr~s. Figure 4 shows the block 
br·eakdown for the 400,000 ton_ t anke r d es ign. The cargo 
tank portion of the ship has been mad e up of some 13 -plate 
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The maximum annual output from any shipyard con-
.centrating on the p r oduction of very large tankers was 
achieve d by Mitsubishi's Koyagi Nagasaki shipyard . In 
this c as e , eight 250 , 000 ton dwt tankers were produced 
annually. Ea ch ship has a steelweight just over 30,000 
tons and so the annual steelwork output was in the order 
of 250,000 tons . The ~argo tank hull structure was 
assembled using a me ch a nised assembly l ine c a pab l e of 
processing panels up to 45 metres long , 30 metres wide 
and with a maximum weight of 600 tons . It is understood 
that the Koyagi shipyard operated below 15 manhours per 
ton for all the steelworking requireme nts in the c on-
struction of the 250,000 tanners . . The fabrication of 
panel blocks up to 600 tons was achieved with a produc-
tivity rate of less than 2 manhours per ton . 
Poisibly the shipyard which developed the highest 
level of ·technology for the construction of large t~nkers 
was Kockums in Sweden. In this case , the annual output 
achieved was six 250 , 000 ton t ankers per year and the 
total steelworking productivity was less than 12 manhours 
per ton . The new production facilities at Kockums feature 
a 1,500 ton c apacity goliath crane which.is capabl e of 
transferring blocks from an u_ndercover final assembly work-
shop into the 500,000 ton capacity building dock . Panel 
blocks up to some 700 tons may be processed on a panel 
a~s~mbly line c apable of building up panels 25 metres long 
and 30 metres wide . 
It should be appreciated that the production man-
hours involved in the series production of large panel 
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the total steelworking manh ours required for the const-
ruction of ships in this class . In the case of the 
proposed facility for the series prod uction of rafts , 
virtuall~ the complete production operations would be 
concentra ted on the production of the simples t type of 
steel st r ucture . APA be li eve it is not unreasonable to 
anticipate leve ls of steelwo rking productivity for this 
type of structure bei ng compa tible , if not better tha n 
those already a chieve d some 4-5 yea rs ago for the con-
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